Global environmental change (GEC) threatens to undermine the sustainable development goals (SDGs). Smallholders in marginal mountainous areas (MMA) are particularly vulnerable due to precarious livelihoods in challenging environments. Acting collectively can enable and constrain the ability of smallholders to adapt to GEC. The objectives of this paper are: (i) identify collective actions in four MMA of the central Indian Himalaya Region, each with differing institutional contexts; (ii) assess the adaptive capacity of each village by measuring livelihood capital assets, diversity, and sustainable land management practices. Engaging with adaptive capacity and collective action literatures, we identify three broad approaches to adaptive capacity relating to the SDGs: natural hazard mitigation (SDG 13), social vulnerability (SDG 1, 2 and 5), and social-ecological resilience (SDG 15). We then develop a conceptual framework to understand the institutional context and identify SDG synergies and trade-offs. Adopting a mixed method approach, we analyse the relationships between collective action and the adaptive capacity of each village, the sites where apparent trade-offs and synergies among SDGs occur. Results illustrate each village has unique socio-environmental characteristics, implying distinct development challenges, vulnerabilities and adaptive capacities exist. Subsequently, specific SDG synergies and trade-offs occur even within MMA, and it is therefore crucial that institutions facilitate locally appropriate collective actions in order to achieve the SDGs. We suggest that co-production in the identification, prioritisation and potential solutions to the distinct challenges facing MMA can increase understandings of the specific dynamics and feedbacks necessary to achieve the SDGs in the context of GEC.
Introduction
The 2030 Agenda for Sustainable Development and the Paris Agreement on climate change acknowledge the benefits of strengthening linkages between climate and development. This is important as the risks associated with rapid global environmental change (GEC) threaten to undermine achievement of the sustainable development goals (SDGs) (GomezEcheverri 2018) . Agriculture, which supports smallholder livelihoods in rural regions of the global south, both drives GEC through land use change and green-house gas emissions, and is also threatened by the effects of GEC, such as climate variability and extreme weather events (Reed et al. 2013) . Smallholders are particularly vulnerable to the impacts of climatic events, such as flooding and droughts. Actions to enhance smallholder's capacity to adapt to GEC are crucial for achieving the SDGs (Butler et al. 2016) .
Current research, policy and practice draw on three existing conceptual approaches that are likely to be useful for enhancing smallholder's adaptive capacity, namely: natural hazard mitigation, social vulnerability and social-ecological resilience (Eakin et al. 2009; Suckall et al. 2018 ). However, actions that support each approach entail inherent synergies and trade-offs in terms of spatial and temporal scale and social, economic and environmental goals and outcomes (Eakin et al. 2009 ). Assessment of the potential synergies and trade-offs between approaches and actions for sustainable development is considered one of the most pressing priorities for research for the SDGs (Nilsson et al. 2018) . Understanding the range of positive and negative interactions among SDGs is key to unlocking their full potential, ensuring that progress made in some areas is not at the expense of progress in others (Nilsson et al. 2018) .
Limited access to resources and poverty make smallholders around the globe vulnerable to GEC. Those in marginal mountainous areas (MMA) are particularly vulnerable due to precarious livelihoods located on steep slopes with typically difficult to cultivate, shallow soils with low fertility, making it difficult to cope with shocks and stresses (FAO 2015) . These communities also face higher levels of climatic risks and natural hazards, such as earthquakes, in comparison to low-lying areas (IPCC 2014; FAO 2015) . However, the unique challenges and characteristics of mountainous regions typically do not receive appropriate consideration in national and global development agendas (Jodha 2005) . Nonetheless, governmental commitments to fulfil the 2030 Agenda and pledges to 'leave no one behind' hold promise for enhancing the adaptive capacity of smallholders in MMA whilst fostering sustainable mountain development (von Dach et al. 2016) .
The ability of smallholders to adapt to GEC is enabled and constrained by their ability to act collectively (Adger 2003) . Collective action occurs when groups of people cooperate and pool resources in order to achieve common interests and shared goals which could not be achieved individually (North 1990; Ostrom 1990) . The adaptive capacity of smallholders is largely a function of how institutions shape, and are shaped by, collective actions to manage conflicting interests and distribute resources for natural hazard mitigation, social vulnerability and social-ecological resilience (Armitage 2005; Pelling and High 2005) . Smallholder livelihoods and the institutions that facilitate resource distribution and cooperation are sites where the apparent trade-offs and synergies among SDGs are negotiated and resolved in practice. Whilst it is evident that institutions for collective action can act as an enabler for adaptive capacity and SDG achievement in the context of GEC (Bowen et al. 2017) , how specific actions interact with SDGs remains unclear, particularly in the context of MMA (FAO 2015; Pandey et al. 2016) .
The objectives of this paper are to: (i) identify collective actions in four remote villages of the central Indian Himalaya Region (CIHR), each with differing institutional arrangements; (ii) assess the adaptive capacity of each village by measuring livelihood capital assets, diversity, and sustainable land management (SLM) practices. Engaging with adaptive capacity and collective action literatures, we identify three broad approaches to adaptive capacity relating to the SDGs: natural hazard mitigation (SDG 13), social vulnerability (SDG 1, 2 and 5), and social-ecological resilience (SDG 15) . We then develop a conceptual framework to understand the institutional context and identify synergies and trade-offs among SDGS. The findings of this study will support research, policy and practice for more effective and efficient implementation of SDGs in MMA.
Approaches to analysing adaptive capacity and inherent SDG interactions

Adaptive capacity
Adaptive capacity has been defined by Bettini et al. (2015: 48) as "…the ability to mobilize and combine different capacities within a system, to anticipate or respond to economic, environmental, and social stressors, in order to initiate structural or functional change to a system and thereby achieve resilient or transformative adaptation". Adaptive capacity is defined by the thresholds and conditions which establish the range within which a system can accommodate, manage, adapt and recover from disturbance, which vary along with politico-institutional, socio-economic, and environmental factors (Smit and Wandel 2006) . Institutional flexibility, diversity (e.g., of livelihood options, resources, networks, practices, institutions, etc.), experimentation, learning, and self-organisation are important components of adaptive capacity. However, the latent character of adaptive capacity makes it difficult to identify and measure until after it has been triggered by disturbance. Analysing how people have prepared and responded to past disturbances can provide insights into adaptive capacity (Eakin et al. 2014; Engle 2011; Fazey et al. 2016) . Recent research attempts to analyse adaptive capacity have employed two complementary approaches (Thapa et al. 2016) : asset-based approaches that highlight livelihood resources and capital assets (i.e., financial, human, social, physical and natural); and process-based approaches, which consider governance and the institutional arrangements that shape the access, mobilisation and utilisation of capital assets.
Asset-based adaptive capacity: livelihood resources
Rural livelihoods are created through complex interactions among financial, human, social, physical and natural resources (Chambers and Conway 1992) , and may be considered sustainable if they can be maintained without undermining the natural resource base (Scoones 1998) . Smallholders endowed with greater access to and diversity of livelihood resources typically possess a greater capacity to adapt to GEC, thanks to their enhanced ability to shift and rebalance activities, and mobilise alternative resources, in order to plan, anticipate, react to and recover from multiple stressors (Reed et al. 2013) (Table 1) . Conversely, livelihoods that are not diversified are likely to be less capable of managing risk and to have less adaptive capacity (Ellis 1998) . To explore what could be required to strengthen adaptive capacity in the future, livelihood analysis can be used to investigate past livelihood strategies and activities of smallholders that were undertaken in order to navigate historical human-environment interactions and to manage risk, uncertainty and vulnerability (Gerlitz et al. 2017) . The sustainable livelihoods approach resonates harmoniously with the SDGs agenda, which aspires to reduce inequality, limit ecological damage, and secure resilient livelihoods (Bowen et al. 2017) , and with sustainability science, which increasingly focuses on identifying pathways to secure resilient livelihoods in the face of multiple stressors (Tanner et al. 2015) .
Collective action can enhance asset-based adaptive capacity through actions that increase resource access for group members to draw upon, particularly during disturbance and distress (Thapa et al. 2016) . For example, collective savings and credit provide access to economic resources to draw upon that reduce vulnerability during hardship (Ireland and Thomalla 2011) . Likewise, the social networks that facilitate collective action can provide access to information vital for managing uncertainty and rapid change (Pelling and High 2005) . Collective action can also provide access to pooled physical capital assets, and natural capital through commonly managed natural resources such as grazing land, water and forests (Ireland and Thomalla 2011) .
Process-based adaptive capacity: institutions
Asset-based indices may not accurately measure adaptive capacity in the absence of process-based measures, which focus on the ways in which governance mechanisms and institutional dynamics determine access to and control of livelihood resources (Eakin et al. 2014) . Institutions are defined here as the formal rules and informal norms, values and beliefs that govern individual behaviour (North 1990; Ostrom 1990) . As described by Helmke and Levitsky (2004: p727) , "…formal institutions are openly codified, in the sense that they are established and communicated through channels that are widely accepted as official…informal institutions are socially shared rules, usually unwritten, that are created, communicated, and enforced outside of officially sanctioned channels". Formal institutions are enabled and/ or constrained by informal institutions, and also shape and are shaped by social practices (Helmke and Levitsky 2004) . GEC challenges institutions to enable society to manage disturbance whilst being flexible enough to change in light of new information (Gupta et al. 2010) . However, institutions can be conservative, reactive and resistant to change due to cultures and ideologies that support certain rights, relations, practices and pathways while excluding others (Engle 2011; Ireland and Thomalla 2011) . As such, institutions that could potentially enhance adaptive capacity through collective action are often constrained by the socio-political barriers that limit participation, sharing, learning and empowerment (Eakin et al. 2014) . For example, competing priorities, insufficient resources, shortfalls of political will, corruption, lack of community engagement and weak participation all limit the effectiveness of collective action to enhance adaptive capacity (Gupta et al. 2010) .
Adaptive capacity has been described as a type of capital asset that can only be put into play through appropriate institutions (Tompkins and Adger 2004) . Local institutions (e.g., public authorities, civil society, private sector and community-based organisations) can enhance adaptive capacity by reducing uncertainty, ordering social relations, generating commonly understood codes of behaviour, building trust and creating norms of reciprocity, whereby collective action may be possible (North 1990) . Collective action can increase access to the resources needed to sustain smallholder livelihoods in the face of disturbance and change by shaping institutional processes for managing common-pool resources (e.g., water, forests, pastures, etc.), resolving resource conflicts, reducing the cost of adaptive actions, and mediating the link between smallholders and external information and resources (Agrawal 2008; Cox 2014) . Research shows how institutions can shape the social networks crucial for collective action to enhance adaptive capacity (and vice versa), enabling smallholders to work together to identify, discuss and solve problems, and be empowered to lobby for institutional change (Gupta et al. 2010) .
Adaptive capacity in marginal mountainous areas
Smallholder livelihoods in MMA are characterised by challenges in accessing, mobilising and utilising limited resources (Mishra et al. 2019) . Mountain landscapes typically comprise relatively young, fragile and growing formations of soft rock with numerous fault lines, fractures and crevices making them highly earthquake-and landslideprone (Goel 2014) . Physical marginalisation results from geographic remoteness and topographic characteristics (e.g., contours, slope, altitude) (Goel 2014) . Navigating such landscapes has produced unique institutional responses and adaptations to reduce risks, such as collective natural resource management to regulate, regenerate and recycle forest, water and pasture resources (Jodha 2005) . Low-intensity, risk-spreading traditional systems typical of MMA are increasingly marginalised by development policies and programmes that intensify resource use with insufficient acknowledgement of MMA specificities and needs (Ingty 2017; Jodha 2005) . Cultural, political and socio-economic marginalisation manifests through low investment in infrastructure and public services, limited access to markets, technology, and information (Gerlitz et al. 2017 ). Increasing marginalisation is compounded by higher-than-average temperature increases being observed at high altitudes during the past century, with negative implications for food security and ecosystem services (IPCC 2014) . Subsequently, larger numbers of males migrate over increasingly larger distances and longer periods, seeking waged employment in towns and cities, leaving behind women, children and elderly people who are less physically capable to manage smallholdings (FAO 2015; Satyal et al. 2017) . Women undertake the primary responsibility of producing livelihoods, tending to crops, livestock and the family, and collecting fuelwood (Gururani 2014) .
Neglecting mountain contexts limits smallholder options and increases vulnerability to GEC (Mishra et al. 2019 ). The specificities of MMA are central to the need to enhance adaptive capacity through institutions for collective action.
Analytical framework for assessing adaptive capacity and SDG interactions
Asset and process-based approaches to adaptive capacity should be addressed explicitly, simultaneously and iteratively if the SDGs are to be achieved in the context of GEC (Eakin et al. 2014) . However, adaptive action is rarely discrete or stand-alone (Smit and Wandel 2006) , and mainstreaming adaptive capacity into existing development planning may be necessary (Armitage 2005; Pelling 2011 ). Three existing development approaches have been identified for enhancing adaptive capacity (Eakin et al. 2009; Suckall et al. 2018 ): (i) natural hazard mitigation (e.g., early warning systems, evacuation procedures, flood defences); (ii) reducing social vulnerability (e.g., increased equity and access to markets, education, health); and (iii) increasing social-ecological resilience (e.g., sustainable natural resource management). Figure 1 illustrates the convergence among the three approaches through acknowledgement of adaptive capacity. Specifically, the interdependence of institutional processes and collective action that facilitate access to and distribution of livelihood assets. Such dynamics have implications for SDG interactions. Table 2 outlines the adaptive capacity aspects of each approach, the contribution of each approach to the SDGs, and the inherent trade-offs among the approaches in terms of spatial and temporal scale, their goals and outcomes (Eakin et al. 2009) (Table 2 ). The framework helps understand the nature and type of SDG interactions through the lens of the three approaches, and to identify the inherent synergies and trade-offs of specific collective actions: i.e., those aimed at each approach that enhance process (institutional) and asset (livelihood resource) based adaptive capacity. Understanding how SDG interactions play out in MMA can help achieve sustainable mountain development and the principle of 'leave no one behind ' (von Dach et al. 2016 ).
Materials and methods
Study site selection
This study focusses on the Saryu valley of Bageshwar district, Uttarakhand state, located in the fragile mountain system of the CIHR, remote in terms of geography, accessibility, seasonality and government oversight. The area has seasonal weather, and micro-climates that are dependent on the slope, altitude, direction, and shadows of mountain peaks. The valley falls within earthquake zone V, the most earthquake-prone zone in India, with temperature and rainfall instability being one of the most severe in India due to climate variability and change, and compounded by deforestation, land cover and use change (Goel 2014 ; Mishra et al. Reduce social vulnerability Vulnerability is the propensity of a system to be adversely affected, and is a function of exposure, sensitivity and adaptive capacity (IPCC 2014) Contributes to the achievement of SDGs 1 (poverty), 2 (hunger) and 5 (gender equity) through recognition of the need to tackle the social processes that create vulnerability and susceptibility to harm, and maximise the capacities of the currently marginalised by reducing inequities Focussing on particular groups in specific areas may overlook broader scale governance and environmental processes, and limit future choices through directing resources to present needs (Eakin et al. 2009 ). For example, increasing crop productivity to increase incomes and reduce social vulnerability can cause environmental degradation and reduce long-term social-ecological resilience
Increase social-ecological resilience Resilience is the capacity of a system to cope with disturbance while maintaining essential structure and functions, and the capacity to self-organise, learn, transform and adapt (IPCC 2014) Contributes to achievement of SDG 15 (life on land) through recognition that biodiverse, healthy environments are better able to buffer shocks and stresses
Typically focusses on long-term and broader ecosystem functioning, aiming to reduce environmental degradation through sustainable natural resource management, which may limit current choices (Eakin et al. 2009 ). For example, environmental conservation for long-term social-ecological resilience can reduce current livelihood options thereby increasing social vulnerability 2019; IPCC 2014). Four villages were selected for study in the Saryu valley: Baret, Guler, Sumgarh and Supi (Fig. 2) . Study village locations range between 1500 and 2500 m asl, and are positioned on mountain ridges separated from one another by river valleys. The ridges are wooded with forests including pine, oak, bamboo, cedar, cypress, fir and rhododendron. All the villages are characterised by high rates of poverty, low development, and high dependence on rain-fed subsistence agriculture and livestock rearing. The arable land in all villages comprised low-fertility soils and small fragmented land-holdings averaging less than one hectare per household (Table 3 ). There are two main cropping seasons in the area. The Kharif season runs from June to October and the main crops are rice, millet, maize, pulses, groundnut, oilseeds, and mustard. The Rabi season runs from October to March and the main crops are wheat, barley, chickpeas, and pulses. Various fruits and vegetables are cultivated throughout the year. Cows and buffaloes are reared mainly for milk, and male cattle are used for ploughing the fields. Sheep and goats are reared chiefly for wool and skins. Temporary and permanent migration is common in all four villages, with nearby work on larger farms and further afield in the construction, mining, manufacturing and tourism industries, and further employment opportunities in urban areas.
Religion and ecosystem management are "…interwoven in a symbolic network of Himalayan traditions and culture" (Negi 2012 p. 273) . These are expressed through informal, traditional norms, values, beliefs and taboos that are fundamental guides of social conduct in the management of natural resources in MMA of Uttarakhand (Negi 2012) . Protection and propagation of resource species, regulation of harvesting, avoidance of harmful habitat modification, patch-switching to maximise overall return rates, and the dedication of sacred sites all serve to strengthen human-nature relations through a conservation ethic.
Historic patterns of migration are also key to understanding Uttarakhand culture. Movements of people from the Gangetic plains, attracted by valleys suitable for agriculture and as a place of pilgrimage and refuge, have shaped unique informal socio-cultural, religious and caste based institutions (Anand 2006) . In addition, complex gendered institutions have evolved that shape women's knowledge, experience and political and economic contexts. Intersecting socio-cultural contexts such as class, caste, ethnicity, and age combine with upstream, midstream and downstream mountain geographies to produce differential access to resources (Gururani 2014) .
Following the 2012 flash flood disaster in Uttarakhand, the Saryu valley has been the focus of developing agency interventions aimed at facilitating collective action in order to support local livelihoods and water resource management. This study focusses on two development agency interventions in the Saryu valley: (i) the People's Science Institute's (PSI) 'Participatory Livelihoods Rehabilitation project'; and (ii) the Watershed Management Directive (WMD) 'Decentralised Watershed Development Project'. The four study villages were selected based on the degree of development agency intervention, which has resulted in different types and combination of local level collective action groups operating in each village. Baret has been the focus of PSI; Supi the focus of WMD; Sumgarh the focus of both PSI and WMD; Guler does not form part of a development cluster (i.e., a group of villages targeted by a development agency for its projects and programmes) and therefore does not have any development agency interventions in operation.
A sample of four villages is too small to make generalisations about the population of villages in the entire state or region. However, using the proximate similarity model and employing a gradient of similarity (Campbell 1986 ) supports the transferability of findings to mountain villages with comparable geographic and socio-economic characteristics. As each village shares relatively similar geographic and socioeconomic characteristics, selecting villages based on degree of development intervention provides the opportunity to measure indicators of adaptive capacity in villages in similar contexts but different types and combination of institutions and collective action.
Institutions for collective action and actors included in the study
For the purposes of this paper, we are particularly interested in village-level collective action facilitated by: (i) villagelevel committees, and (ii) development agency interventions. We consider these to be formal institutions, exhibiting openly codified rules communicated through official channels that are more easily changed in the short-term through policy. Informal institutions (discussed in "Study site selection"), which are tacit with no discernible centre that directs and coordinates action, are acknowledged but are not directly analysed in this paper due to their multiplicity and difficultly to influence change. The village committees of interest for this study are Mahila Mangal Dals (MMD) (village-level women's committees) and Van Panchayats (VP) (village-level forest committees) (S2). Whilst these village committees form part of the government structure, they do not operate in all the villages, depending on local authorities. Village committees typically function independently of the official Panchayati Raj Institutions (decentralised system of governance), but follow the subjects assigned to them under the Constitution. In the villages in which they operate, development agencies facilitate the creation of farmer interest groups (FIGs) and self-help groups (SHGs) (S2) to help achieve their project and programme aims (S3). Membership of FIGs and SHGs typically range from between Participants in village committee and development agency collective action groups, with shared interests and goals, volunteer and engage in various collective activities by pooling existing resources (i.e., financial, human, social, physical and natural) in order to gain increased access to additional resources, and to share in the resulting benefits. Types of collective activity include federations of farm producer groups, water user groups, micro-financing, dairy farming and tree planting. Community development work for constructing physical flood and erosion defences were typically implemented through either village committee or development agency groups via the National Rural Employment Guarantee Act (MNREGA).
Data collection and sampling
A mixed method approach was adopted to collect data at three different levels-household, village, and state level. At the household level, 229 households (at least 20% of the total in each village) were surveyed during the period May-June 2018 (S4). Sampling followed a two-stage approach. First, the criteria for farm selection included that they were currently active farmers (i.e., farming themselves, rather than renting their land to others to manage), and cultivating less than 5 ha of land. Households were then selected using a non-probability quota sampling technique, wherein the assembled sample had the same proportions of individuals as the entire population with respect to landholding. Landholding was selected to define quota groups as this is a locally appropriate method to reflect the socio-economic status of households. Local land measurement of nalis was used (1 ha = 50 nalis), and four quota groups were defined in each village based on locally defined landholding sizes appropriate for mountain contexts: (i) 1-15, (ii) 15-30, (iii) 31-45, and (iv) 46 plus. A representative number of smallholders from each village were surveyed in each quota group by convenience sampling, whereby smallholders were approached at their homes and asked if they would agree to participate in the survey.
Focus group discussions (FGDs; n = 4) (S4) were organised in each village to collect data on collective action groups operating in each village, changes in livelihood activities in living memory, and experiences and responses to shocks and stresses. For participation on the focus groups, all village members were informed on the purpose, topics, and the time required for participation, and were invited to participate in a voluntary basis. Altogether, 10-15 people participated in each focus group comprising mixed gender, age, and ethnicity.
To help put the household and village-level data into context, semi-structured interviews (S4) with key informants (n = 15) were conducted with development agency representatives from local public and civic organisation development agencies, such as PSI, WMD, and the government-implemented Integrated Livelihood Support Project. Participants were selected on the basis of their knowledge and involvement in development interventions that facilitate village groups for collective action. The focus of the interview was on the institutional and stakeholder landscape concerning public and civic interventions.
Data analysis
Analysing quantitative data
The household survey (S5) covering livelihood capitals, onand off-farm livelihood diversity, and SLM were used to construct a radar chart for each village (S6). The measurement of each of the indicators used to measure livelihood capitals, on/off-farm diversity, and SLM are detailed in supplementary materials (S7).
Qualitative data analysis
Our data analysis was guided by inductive qualitative approach, which enables methodological flexibility in analysing data associated with social reality (Patton 2014) . It involves detailed reading of raw data, i.e., interviews and notes from focus groups, to derive concepts and themes based on the interpretations drawn from the raw data without using any priori models or conceptions (Patton 2014) .
Using this approach, data were analysed in two stages. The first stage focused on raw data with the aim of reducing, ordering and structuring the data. In this stage, notes compiled from focus groups and semi-structured interviews were read in-depth and multiple times in order to identify and cluster codes, and categorise into emerging themes. Analytic coding and themes identified in this stage included collective actions relating to natural hazard risk (e.g., community development work groups constructing flooding and erosion defences), social vulnerability (e.g., farmer federations and micro-finance groups) and social-ecological resilience (e.g., water user and tree planting groups). Identification of these themes allowed an initial understanding of the patterns that emerged from the data, and acted as the foundation for further analysis on SDG interactions. The second stage focused on identifying themes across the semi-structured interviews and focus groups to identify patterns. In this stage, themes were categorised and patterns were identified on the basis of collective action related to three approaches, i.e., natural hazard mitigation (SDG 13), social vulnerability (SDGs 1, 2 and 5), and social-ecological resilience (SDG 15) . The data analysis process in this stage was based on analysis both 'within' and 'across' the semi-structured interviews and focus groups, allowing the themes to shift from individual analysis to collective analysis (Gummesson 2002) . This allowed an understanding of the patterns of connections between collective actions (semi-structured interviews), and livelihood activities and strategies (focus groups) necessary to discuss the implications for collective action and SDG interactions.
Results
Livelihood capital asset access
All villages are dominated by subsistence rain-fed agriculture, and smallholders in each study sites faced challenges due to changes in rainfall patterns, reduced farm sizes, soil fertility declines, rises in agricultural input prices, lack of finance and labour, flooding, land erosion, ineffective local administration, lack of government support, and wild animals destroying crops. Baret and Sumgarh were found to display greater overall levels of livelihood assets (Fig. 3) , both of which are the focus of development agencies.
Social capital
Residents in all villages stated that there was a stronger sense of community prior to the introduction of conventional farming techniques (i.e., commercial agriculture and the use of hybrid seeds, synthetic chemical fertilizers, pesticides, and herbicides). People would support each other and share more in the past as they all faced similar challenges and socio-economic status, but modern farming and related input prices had fostered a dependency on income and a more individualistic farmer predominantly concerned with private affairs. It was believed that when people work together in present times it is to benefit themselves financially, not the community as a whole.
Baret and Sumgarh display the highest levels of social capital (Fig. 3) . The high percentage of households engaging in collective action facilitated by village committees (Table 4) indicates a propensity for collective action that can be drawn on from the associated networks between farmers. PSI operate in both villages with FIGs and SHGs focusing on federation, dairy, micro-finance and tree planting activities. Social capital was significantly lower in Guler which is not the focus of development agencies for reason state above (see Study site selection section).
Financial capital
Despite differing degrees of development agency intervention in each village, Sumgarh, Supi and Guler displayed similar levels of financial capital. These villages depended (in varying degrees) on local waged labour, temporary migration, handicrafts, and crops sales for income. Baret was found to have less financial capital due to high dependence on farming for income, in an area of steep slopes which make it highly vulnerable to landslides resulting in many households living below the poverty line. In Sumgarh, Supi and Guler there was more livestock income than Baret. Whilst Baret had the lowest level of financial capital, a high number of farmers sold crops on the market through the PSI farmer federation which had the potential to grow. Farmers from Baret stated that prior to the PSI intervention to support farmers to increase vegetable production, barely enough vegetables were grown to feed the household. However, the introduction of federations supported small surpluses of vegetables, fruits and spices to be produced and sold. Sumgarh and Supi displayed similar levels of financial capital and proportion of households selling crops on the market. However, as Sumgarh was part of the PSI supported federation, incomes could potentially increase, whilst in Supi households sold crops on the market independently with little prospect for improvement. The differences in financial capital observed between Baret and Sumgarh (both part of the PSI federation) could be due to contextual factors, such as proximity to markets, stock of human capital, environmental characteristics, and village-level governance dynamics. Nevertheless, female villagers from PSI sites stated that SHGs had enabled women to have more control over household finances, allowing them to plan more effectively and restrict the amount of income spent by men on alcohol and unnecessary consumption. In Guler with no federation, no households sold crops on the market independently, with most households relying on local waged labour, and to a lesser degree handicrafts and temporary migration.
Physical capital
Baret displayed the highest level of physical capital access. Physical capital access correlated to the proximity of the village to block town Kapkot, with the closer villages having higher levels of physical capital (i.e., Baret, Sumgarh, Guler and Supi, respectively). PSI support for the construction of irrigation facilities in Baret has meant that farmers are increasingly aspiring to switch to cash crops, which can then be sold through the federation. Although this had increased incomes of some households, it also increased stress on water resources and diverted land from staple crops, which can increase food insecurity. Community development work for constructing physical flood and erosion defences were typically implemented through collective action facilitated by both village committees and development agencies via MNREGA. This benefitted study villages by mitigating the impacts of climate variability, and also providing additional income through waged labour.
Human capital
Households in Sumgarh displayed a notably higher level of human capital, followed by Guler and Baret both with similar levels. Even though the villages are located in remote and disaster prone areas, the level of education was higher in these villages due to relatively close proximity to the block capital town of Kapkot, where a number of higher educational facilities are located. Furthermore, as Sumgarh is a relatively high-income village, most families sent their children on to higher education. Supi had the lowest levels of human capital, which may reflect its remoteness to Kapkot. Nevertheless, development agencies facilitated collective action aiming to improve human capital through knowledge dissemination and learning about SLM, markets and business, and disaster preparation and response.
Natural capital
Baret displayed significantly greater access to natural capital compared to the other villages. This was mainly due to Baret being located in a valley comprising some flat areas, meaning that land holdings were larger than those in villages comprising more slopes. PSI aimed to promote SLM practices through collective action to improve soil fertility and increase productivity, and reduce pressure on surrounding natural resources through water saving and reduced chemical use. However, land abandonment due to increased levels of permanent migration had resulted in patches of unmanaged land, attracting weeds, pests, wild animals and fires, and making it difficult for those left behind to navigate and manage the land.
Livelihood diversity and sustainable land management
Livelihood diversity
All study villages displayed relatively similar levels of total livelihood diversity (Fig. 4) . However, Baret and Sumgarh exhibited the highest level of on-farm livelihood diversity in terms of livestock owned and crops grown (Fig. 5) . Supi displayed the next highest on-farm livelihood diversity, with Guler showing the lowest. This suggests that villages with development agencies facilitating collective action had increased livelihood diversity through the activities they promote, such as farmer federations and micro-finance for small rural enterprises, natural resource management for foraging, and irrigation to grow cash crops.
Sustainable land management
Baret and Sumgarh displayed the highest level of SLM inputs and activities (Fig. 4) . PSI supported farmers in the transition to organic forms of farming, and promoted a system of crop intensification (SCI). A high volume of households also used mixed cropping and crop rotation in Baret and Sumgarh. Supi was also third for SLM inputs and activities using mixed cropping, manuring and use of traditional seeds. WMD provided hybrid seeds and chemical input equipment to farmers in Supi and Sumgarh, but farmers had to travel to the distribution centre in the next town to pick them up. Guler had the lowest level of SLM inputs and activities, which could be reflective of the lack of interaction with collective action facilitated by development agencies to share awareness of SLM practices.
Discussion: collective action and SDG synergies and trade-offs
Results illustrate each village has unique socio-environmental characteristics, implying distinct development challenges and vulnerabilities are present, and distinct kinds of adaptive capacity exist. Villages with development agency institutions facilitating collective action were shown to display greater levels of livelihood capital assets and on-farm diversity. This suggests that those villages have greater adaptive capacity linked to financial, human, social, physical and natural capitals (see Table S1 ). This section explores the direct contribution of each approach to adaptive capacity (i.e., natural hazard mitigation, social vulnerability and social-ecological resilience), and the inherent synergies and trade-offs between specific SDG targets and collective actions facilitated by formal village committee and development agency institutions (Table 5) .
Collective action for the natural hazard risk approach to adaptive capacity
This study identified formal institutions facilitating collective action relating to flood defence construction, forest restoration, diversifying livelihoods and SLM. These actions can increase adaptive capacity and directly contribute to SDG 13 by strengthening resilience to climate related hazards (target 13.1), integrating climate change into development planning (target 13.2), and improving awareness of climate change (target 13.3). PSI facilitated collective action in response to the 2013 Uttarakhand flooding disaster, representing a shock that can stimulate adaptive governance (Walch 2018). As reflected in the collective construction of flood defences in the study villages, this can enhance physical capital through collective identification, prioritisation, planning and response to infrastructure requirements in areas exposed to climate related hazards (Bird et al. 2011 ). In the Alto Mayo mountainous region of Peru, development agencies facilitated collaborative infrastructure construction, utilising local knowledge of materials and structures with external technologies and techniques which minimised costs and fostered learning for locally appropriate safety standards (Schilderman 2004 ). Whilst our results indicate less human capital in more remote areas, collective action facilitated through formal institutions has been shown to enhance human capital through collective natural hazard mapping and vulnerability assessments, raising awareness of the causes, processes and consequences of climate change (Adhikari and Taylor 2012) . This supports locally appropriate risk reducing activities, such as early warning systems, evacuation and rescue procedures, first aid awareness, and use of communication equipment crucial in the aftermath of disasters. Results also suggest that formal institutions can enhance social capital by encouraging social interaction that builds networks of trust, which have been shown to increase mitigative actions, adherence to emergency procedures, and the likelihood of rescue (Dynes 2005) .
Collective action for natural hazard mitigation can capture a number of synergies among SDGs. Results indicate that financial capital and livelihood diversity can be enhanced, contributing to reductions to the income dimension of poverty (target 1.1). For example, results show how formal institutions can facilitate collective action to access cash-for-work programmes constructing flood defences and repairing infrastructure (Adhikari and Taylor 2012) , and can also help members re-establish income generating activities post-disaster (Petal et al. 2008) . Research has shown that collective action can further build the resilience of the vulnerable (target 1.5) by facilitating equitable access to climate information (targets 1.4, 5a and 5b). Research in the mountains of Nepal (Luintel et al. 2018 ) also found that collective forest management, whilst integrating environmental values into development planning, sequesters carbon and mitigates the impacts of climate change by enhancing biodiversity (targets 15.1, 15.2, 15.4, 15.6, and 15.9) .
Regarding trade-offs, forest restoration and flood defences can limit agricultural productivity, nutrition and incomes if implemented on arable land (targets 2.3, 2.1 and 1.1). Flood defence construction could also reduce flexibility to manage climate uncertainty through lock-in (Eakin et al. 2009 ) and maladaptation (Barnett and O'Neill 2010) thereby exacerbating vulnerabilities (targets 13b, 1.5 and 2.4). For example, Gunderson and Holling (2002) point out that flood defences can undermine natural processes, resulting in changes in soil and water resources that can cause drought and flooding downstream (targets 15.1, 15.4, 15.9) . Politics and power can also constrain adaptive capacity (Karpouzoglou et al. 2016) resulting in uneven distribution of the benefits of flood defences and forest restoration (targets 1.4, 2.3, 5a and b), for example if they are situated to benefit certain people and not others, or on previously common property land used for local livelihoods. Finally, results showed that flood defence construction and forest restoration activities are typically delegated to women, increasing their work burden (target 5.4).
Collective action for the social vulnerability approach to adaptive capacity
This study identified FIGs and SHGs that can enhance adaptive capacity through tackling multi-dimensional aspects of poverty (target 1.2), namely: increasing farm productivity (target 2.3), income, savings, loans and credit (target 1.1), and enhancing gender equity (target 5a). Results show that formal institutions disseminate knowledge of SLM practices that can help stabilise income and yields (Bijman 2016 ) (targets 1.1 and 2.4). Formal institutions can enhance human capital, in remote study villages exhibiting low levels, through collective action that facilitates awareness and learning. For example, findings are in line with research highlighting that FIGs can provide business skills, market knowledge, quality assurance and certification (Bijman 2016) , whilst SHGs can provide training in basic literacy, cognitive skills, primary healthcare, family planning, and marketing and business administration (Swain and Wallentin 2009) . The enhanced social capital observed in villages with greater collective action can empower members to FIGs and SHGs can capture a number of synergies among SDGs. Through collective action, members can also learn how their farming activities will be impacted by climate change, and ways to mitigate for more resilient yields and incomes (targets 13.1 and 13.3). Collective action can also increase empowerment to lobby for environmental issues, and integrate environmental values into farming practices (target 15.9) through SLM that increase biodiversity and support ecosystem services (Alemu et al. 2018 ) (targets 15.1, 15.2, 15.3 and 15.4) . Encouraging such synergies can help address issues of power and politics that can limit adaptive governance (Karpouzoglou et al. 2016) .
Trade-offs include potential inequities between members and non-members (target 1.4) that influence vulnerability (Eakin et al. 2009 ) (target 1.5). Results show that the conversion from staple to cash crops can increase market dependence, threaten food security (target 2.1), crop diversity (target 2.5) and long-term farm and ecosystem resilience (targets 2.4 and 13.1). Focussing on incomes can also divert attention from the multiple dimensions of poverty (target 1.2) such as health, education and well-being, and overlook gender inequities, as women are typically excluded from income generating activities (target 5.4). Prioritising income and productivity (target 15.9) were also shown to degrade water, grazing and forest resources (targets 15.1, 15.2, 15.3, 15.4 and 15.5) . This results in the loss of a safety net for the most marginalised (target 15.6), reducing their ability to cope with disturbance (Thulstrup 2015) (targets 1.5 and 13b), as well as contributing to climate change through reduced carbon sequestration (target 13.2).
Collective action for the social-ecological resilience approach to adaptive capacity
The identified collective actions related to forest restoration, WUA and SLM practices can enhance adaptive capacity and directly support SDG 15 by supporting: international environmental agreements (target 15.1); the sustainable management of forests (target 15.2), land (target 15.3), mountains (target 15.4) and biodiversity (target 15.1); and the equitable access to natural resources (target 15.6) via the integration of environment in development planning (target 15.9). Results show that FIGs promoting SLM can enhance human capital by encouraging collaboration and the integration of local and expert knowledge of ecosystem structure and functions (target 15.9). This raises awareness of the causes and consequences of environmental issues, and support collaboration for locally appropriate SLM practices and adaptive governance (Armitage 2005; Gunderson and Holling 2002; Sharma-Wallace et al. 2018) . Results also indicate that through Van Panchayats, collective action can enhance social capital and trust to develop appropriation and provision rules in response to changing environments, in line with research on community forests in Nepal (Nagendra et al. 2007 ). Conversely, Cox (2014) shows overexploitation and tragedy of the commons occurs when trust is eroded. Child and Barnes (2010) also argue that collective action enhances the potential for political transformation through locally and collectively administered democracy, equity, transparency and accountability (target 15.6).
Forest restoration, WUA and SLM practices capture a number of SDG synergies. Results indicate that collective SLM practices can stabilise crop yields, and therefore contribute to reducing hunger (target 2.4). As results suggest, collective natural resource management promote healthy environments, which research shows experience less severe climate impacts (Cutter et al. 2008 ) (target 13.1). Collective natural resource management can further reduce vulnerability and risk (target 1.5) by enhancing equitable resource access (target 1.4) and increasing livelihood diversification through provision of fodder, fuelwood, water and grazing, some of which may be sold for cash to supplement household income (Gerlitz et al. 2017) . Formal institutions can also enhance the participation and recognition of women's understandings and reliance on natural resources (target 5.4 and 5.5).
SDG trade-offs regarding forest restoration, WUA and SLM centre on the prioritisation of broader environmental spatial and temporal scales. Balancing current levels of environmental exploitation with future needs (Eakin et al. 2009) can reduce farm productivity (target 2.3) and income (target 1.1). For example, a shift away from agriculture for environmental conservation may bring future benefits, but would entail current social and economic costs for those reliant on agriculture (Folke et al. 2002) . It is also suggested that SLM requires more farmland to compensate for reduced yields, at least initially, providing an incentive to encroach farmland into forested areas (target 15.2). Results suggest that financial benefits and costs are not always distributed evenly (target 15.6), as group membership costs are relatively higher for poorer households (Adhikari and Taylor 2012) , and elite capture can occur if institutions are poorly designed (Child and Barnes 2010) . As previously discussed, forest restoration was found to be typically delegated to women, increasing their work burden (target 5.4).
Conclusion
The findings presented here provide a snapshot of four MMA villages in the CIHR, and illustrate quantitatively that each village has unique characteristics, implying that distinct development challenges and vulnerabilities are present, distinct kinds of adaptive capacity exist, and suggesting that different kinds of collective action facilitated by formal institutions are appropriate. We have discussed how collective action can increase social interaction and resource sharing in MMA comprising low income levels, lack of bargaining power and market access, and harsh landscapes with high sensitivity to climate change. Identifying and analysing collective action in MMA focused on the three approaches to adaptive capacity: natural hazard mitigation (SDG13), social vulnerability (SDG1, 2 and 5), and social-ecological resilience (SDG15). This contributes to our understanding of how to capture the synergies while limiting the trade-offs among SDGs while enhancing adaptive capacity in MMA.
Local collective action facilitated by formal institutions operates within specific socio-cultural, political, economic and environmental contexts of MMA. It is crucial to acknowledge that each context shapes the parameters, dynamics, pathways and degree of synergies and trade-offs among the SDGs. There are no 'one size fits all' solutions, and designing locally appropriate collective action will be necessary for achieving the SDGs in the context of GEC. This study has provided initial insights into the characteristics and specific SDG synergies and trade-offs occurring in MMA. This has highlighted the necessity for formal institutions to facilitate collective action and co-production in the identification, prioritisation, design and implementation of sustainable solutions to the challenges facing smallholders in MMA. In doing so, development agencies should ensure they acknowledge pre-existing formal and informal institutions that communities recognise and identify with, and which enable and constrain adaptive capacity and achievement of the SDGs.
This study has explored specific characteristics, challenges, vulnerabilities and capacities among villages in MMA, whilst recognising the importance of local informal institutions. However, it is limited in only providing analysis of collective action facilitated through formal institutions, and a snapshot in time of adaptive capacity at the aggregate village level. As development agencies have come under criticism for applying blue-print solutions and overlooking the historical, socio-cultural and political dynamics that enable and constrain sustainable development, future research would benefit from further analysis of the interaction between formal and informal institutional processes in MMA, and how they shape human-environment interactions from the individual and household perspective.
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